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INTEGRATED AND MODULAR BSP/MEA/M AN I FOLD 
PLATES FOR FUEL CELLS 



5 BACKGROUND OF THE INVENTION 

Related Applications 

This application is a continuation-in-part of U.S. Serial No. 
60/226,471, filed August 18, 2000 and U.S. Serial No. 60/249,662, filed 
November 17, 2000, and U.S. Serial No. , filed April 13, 2001 

10 by Express Mail No.: EL700013365US, all of which are incorporated herein 
by reference in their entirety. 
Field of the Invention 

The present invention relates to electrochemical energy converters 
with a polymer electrolyte membrane (PEM), such as fuel cells or 

15 electrolyzer cells or stacks of such cells, wherein the individual cells are 
modular units which have integrated the bipolar separator plate (BSP), the 
membrane electrode assembly (MEA) and the reactant and coolant 
manifolds. These individual components are assembled into integrated 
modules and these modules are tested individually for full functionality 

20 before being assembled into a complete fuel cell unit (stack) as individual 
components. In particular the several components of the integrated modular 
BSP/MEA/Manifolds (fuel cell module), i.e., the bipolar separator plate, 
membrane electrode assembly, separate diffusion layers (if used), gaskets 
(if used), manifolds, adhesives, and seals (if used) are manufactured as 

25 separate entities before being incorporated into a fuel cell module before 
being assembled in a complete fuel cell unit (stack). In a number of 
embodiments, these fuel cell components can be as large or as small as the 
end use requires. 
Description of the Related Art 

30 Electrochemical cells comprising polymer electrolyte membranes 

(PEM) may be operated as fuel cells wherein a fuel and an oxidizer are 
electrochemically converted at the cell electrodes to produce electrical 
power, or as electrolyzers wherein an external electrical current is passed 
between the cell electrodes, typically through water, resulting in generation 

35 of hydrogen and oxygen at the respective electrodes of the cells. 

Fuel cells are energy conversion devices that use hydrogen, the most 
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abundant fuel on earth, and oxygen, usually from the air, to create electricity 
through a chemical conversion process, without combustion and without 
harmful emissions. The voltage and current output depends on the number 
of cells in the stack, total active surface area and efficiency. The basic 
5 process, for a single cell, is shown in Figure 1 . 

Traditional fuel cell stacks 1, see Figure 2, are made of many individual 
cells 2, see Figure 3, which are stacked together. The ability to achieve the 
required gas and liquid sealing and to maintain intimate electrical contact has 
traditionally been accomplished with the use of relatively thick and heavy "end 
10 plates"(3, 4) with the fuel cell stack 5 held together by heavy tie-rods or bolts 6 
and nuts 7 (or other fasteners) in a "filter-press" type of arrangement, see 
Figures 2 and 4. Disassembly and analysis of fuel cell stacks built by 
traditional and other methods reveals evidence of incomplete electrical 
contact between bipolar separator plates (BSPs) 8 and the membrane 
15 electrode assembly (MEAs) 9, which results in poor electrical conduction, 
lower cell performance, often along with evidence of gas and liquid leakage. 

The traditional method of assembly of Proton Exchange Membrane 
(PEM) fuel cells requires several parallel and serial mechanical processes 
that must be accomplished simultaneously for each individual cell, see Figure 
20 3. 

1. The Membrane Electrode Assembly (MEA) 9 must be sealed to the 
Bipolar Separator Plates (BSPs) 8 at each plate/MEA interface, via 
a gasket such as 10A and 10B. 

2. The fuel, oxidizer and coolant manifolds 11A and 11B are all 
25 required to be sealed at the same time during fabrication as the 

MEA is sealed to the BSP. 

3. The BSPs 8 must be in intimate electrical contact with the electrode 
assembly 9, across its entire surface area, at all times for optimum 
performance. 

30 As the traditional fuel cell stack 1 is assembled, each individual cell 

(layer) 2 must seal, manage gasses and liquid, produce power and conduct 
current. Each cell relies on all the other cells for these functions. Additionally, 
all seals and electrical contacts must be made concurrently at the time of 
assembly of the stack, see Figures 2 and 3. 

35 The assembly of a traditional PEM cell stack which comprises a 
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plurality of PEM cells each having many separate gaskets which must be 
fitted to or formed on the various components is labor-intensive, costly and in 
a manner generally unsuited to high volume manufacture due to the multitude 
of parts and number of assembly steps required. 
5 With the conventional PEM stack design 1, see Figure 2, it is 

problematic to remove and repair an individual cell 2 (see Figure 3) or to 
identify or test which cell or cells in the stack may require repair due to 
leakage or performance problems. In many cases the entire stack assembly 
is required to be dissembled. The disassembly of a stack consisting of 

10 multiple cells, each comprising separate cell components can be very costly 
as in many instances, after the removal of one cell, the gaskets of the 
remaining cells may need to be replaced before the stack can be 
reassembled and operated. Additionally, the potential for damage to the MEA 
is very high. Upon reassembly, there is no assurance of the performance or 

15 of a leak tight condition. This is a very time consuming and therefore costly 
process. 

Some patents of interest are listed below. 

R.G. Spear, et al. in U.S. Patent 5,683,828, assigned to H Power 
Corporation disclose metal platelet fuel cells production and operation 
20 methods. 

R.G. Spear, et al. in U.S. Patent 5,858,567, assigned to H Power 
Corporation disclose fuel cells employing integrated fluid management platelet 
technology. 

R.G. Spear, et al. in U.S. Patent 5,863,671, assigned to H Power 
25 Corporation disclose plastic platelet fuel cells employing integrated fluid 
management. 

R.G. Spear, et al. in U.S. Patent 6,051,331 assigned to H Power 
Corporation disclose fuel cell platelet separators having coordinate features. 
These four U.S. patents to Spear et al. describe conventional fuel cell 
30 assembly. 

W.A. Fuglevand, et al. in U.S. Patent 6,030,718, assigned to Avista 
Corporation disclose a proton exchange membrane fuel cell power system. 

D.G Epp, et al. in U.S. Patent 5,176,966 disclose a fuel cell membrane 
electrode and a seal assembly. 
35 W.J. Fletcher, et al. in U.S. Patent 5,470,671 disclose an electrochemical 
fuel cell which employs ambient air as both oxidant and coolant. 
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W.D. Ernest, et al. in U.S. Patent 5,945,232 disclose a PEM-type fuel 
cell assembly having multiple parallel fuel cell sub-stacks employing shared 
fluid plate assemblies and shared membrane electrode assemblies. 

R.A. Mercuri, et al. in U.S. Patent 5,976,727 disclose an electrically 
5 conductive seal for fuel cell components. 

R.D. Breault, et al. in U.S. Patent 6,020,083 disclose a membrane 
electrode assembly for a PEM fuel cell. 

R.H. Burton, et al. in U.S. Patent 6,057,054 disclose a membrane 
electrode assembly for an electrochemical fuel cell and a method of making 
10 an improved membrane electrode assembly. 

J.A. Ronne, et al. in U.S. Patent 6,066,409 disclose an electrochemical 
fuel cell stack with improved reactant manifolding and sealing. 

O. Schmidt et al. in U.S. Patent 6,080,503 disclose polymer electrolyte 
membrane fuel cells and stacks with adhesively bonded layers. 
15 Other art of general interest includes, for example: U.S. Patent 

5,338,621; European Patent 446,680; U.S. Patent 5,328,779; U.S. Patent 
5,084,364; U.S. Patent 4,548,675 and U.S. Patent 4,445,994. 

All of the references, patents, patent applications, standards, etc. cited 
in this application are incorporated by reference in their entirety. 
20 With reference to Figure 3 and Claims 1 and 2 of United States Patent 

6,080,503 which is incorporated herein by reference, the adhesive bonding 
agent used is for bonding "a first separator plate" and "a second separator 
plate" to a membrane electrode assembly", in the current embodiment a 
single separator plate is bonded to a single MEA and to manifolds which are 
25 external to the membrane assembly with no through passages holing the 
membrane. This embodiment forms a fuel cell module (assembly). 

It is apparent from the above discussion that existing fuel cell technology 
can be significantly improved using modular components and in the assembly 
of the multiple fuel cell unit (stack). This invention concerns an improved, 
30 integrated and modular BSP/MEA/Manifold assembly, which facilitates single 
cell (module) leak and performance testing prior to assembly. It also 
eliminates gaskets between adjacent BSP and simplifies assembly. The 
present invention of modular, integrated units provides such improvements for 
a fuel cell. Specifically incorporated by reference in its entirety is pending 
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U. S. Provisional Patent Serial Number 60/226,471, filed August 18, 2000 and 



This invention concerns an improved, integrated and modular 
BSP/MEA/Manifold, which facilitates single cell (module) assembly as well as 
composed leak and performance testing of the modules prior to stack 
assembly. It also eliminates inter BSP gaskets and seals and simplifies cell 

10 assembly as well as stack assembly. 

In addition, thin, flexible or ridged BSPs are used to manage reactants 
and maintain separation of the fuel and oxygen (or air); provide structural 
support for the MEAs and provide electrical contact and conductance. They 
also provide for the decoupling of the electrical contacts and for the sealing 

15 from the fuel cell stack assembly, thus reducing mechanical difficulties in 
manufacture and assembly, conducting current more efficiently and 
eliminating serial sealing problems. The present invention of modular, 
integrated units provides such improvements for a fuel cell. 



pending U.S. Serial Number 09/ 



, filed April 13, 2000 by 



Express Mail Certificate Number EL700013365US. 
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SUMMARY OF THE INVENTION 



20 



In particular, the present fuel cell comprises: 

1 . a single flexible or ridged bipolar separator plate;. 

2. a flexible membrane electrode assembly; 



25 



3. a flexible bond or seal interposed between said flexible or 
ridged separator plate and said flexible membrane electrode 
assembly wherein said flexible bond or seal may be or may not 
be an adhesive bond or seal which encapsulates edge portions 
of said flexible or ridged separator plate and said flexible 
membrane electrode assembly; 



4. a manifold for the delivery and removal of reactants and 



30 



reactant products to and from the fuel cell reactive areas where 
said manifold may be either a single or multiple manifolds; 
and/or 



5. a bond interposed between said manifold and said flexible or 



35 



ridged separator plate, wherein said bond affixes said manifold 
to said flexible or ridged separator plate and wherein said bond 
provides a seal between said manifold and said flexible or 
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ridged separator plate to prevent the release of reactants from 
the fuel cell. 

In one embodiment the membrane electrode assembly has within it 
incorporated or bonded reactant diffusion layers as a single assembly. 
5 In another embodiment the membrane electrode assembly is 

independent from the reactant diffusion layers. 

In another embodiment in the fuel cell the flexible adhesive bond 
incorporates a gasket having adhesive on one side, on both sides or on 
neither side. This gasket material may be comprised of a single one- 
10 component material or a composite material composed of two or more 
components. The gasket material may be formed as a separate component 
or be formed on the surface of the separator plate or on the membrane 
electrode assembly. 

In another embodiment the adhesive bond is solely an adhesive 
15 without the use of a gasket that may either be applied to the separator plate 
or to the membrane electrode assembly or to both. 

In another embodiment of the gasket material may be in the form of 
a foam composed of a single one-component material or a composite 
material composed of two or more components with or without an 
20 incorporated adhesive. 

In another embodiment the adhesive is applied directly to the bipolar 
separator plate before placing and adhering the membrane electrode 
assembly to the bipolar separator plate. The adhesive functions as a 
sealant to confine the reactants and as a fixative for securing the membrane 
25 electrode assembly to the separator plate. 

In another embodiment the sealing of the gasket is supported by the 
bending, rolling or crimping of the edge of the flexible or ridged bipolar 
separator plate. 

In another embodiment the sealing of the gasket is supported by the 
30 clamping of the edge of the flexible or ridged bipolar separator plate with 
auxiliary material which causes the same effect of bending, rolling or 
crimping the edge for the flexible or ridged bipolar separator plate. 

In addition, assembled and tested modular cells clearly showed 
measurable consistency between cells. Even with a hand assembly 
35 technique nineteen demonstrated non-leaking cells operating as an ambient 
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air natural convection stack system at 25 mA/cm 2 showed a variation within 
5% of the average cell voltage for the stack. 

The embodiments of the present invention differ considerably from 
6,080,503 in as much as the present invention pertains to a single separator 
5 plate bonded to a single membrane electrode assembly as opposed to the 
conventional art teaching of two separator plates bonded to each side of a 
single membrane electrode assembly. The manufacturing improvement 
and increase in efficiency of these components is readily apparent. 

10 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a schematic representation of the basic conventional fuel 
cell process. It shows the extracted hydrogen ions which combine with 
oxygen across a PEM membrane to produce electrical power. 

Figure 2 is a schematic representation of the conventional PEM fuel 
15 cell stack of electrodes compressed together with heavy end plates and tie 
rod bolts. 

Figure 3 is a schematic representation of an exploded view of a 
conventional PEM single cell of a conventional fuel cell assembly. 

Figure 4 is a schematic representation of an exploded view of a 
20 conventional PEM fuel cell stack of electrodes showing the arrangement of 
the internal and external parts. 

Figures 5A and 5B are a schematic representations of the obverse and 
reverse integrated and modular bipolar separator plate (BSP), membrane 
electrode assembly (MEA) and manifold. Figure 5C is a schematic 
25 representation of reverse of an integrated and modular bipolar separator plate 
showing an alternate, vertical, arrangement of the compliant contacts. 

Figure 6 is an exploded schematic representation of the integrated and 
modular fuel cell assembly. 

Figures 7A and 7B are detailed schematic representations of the 
30 integrated and modular cell assembly showing manifold and MEA 
attachments. 

Figures 8A, 8B, 8C and 8D are schematic representations of the 
integrated and modular cell components and assembly having a single 
manifold of the present invention. 
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Figures 9A, 9B, 9C and 9D are schematic representations of a thin 
metal bipolar separator plates before (9A) and after (9B) crimping or rolling of 
the edges to support the MEA. 9C is a detail of the schematic representation 
of 9A and 9B. 



DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 

10 Definitions: 

As described herein: 

"BSP" refers to bipolar separator plates which term is conventional in 

the art. 

"Flexible" refers to the BSP and/or MEA ability to flex with the forces 
15 and pressures of operation. The bonds between the components are 
substantially leak free. This flexibility assures that electrical contact is 
maintained by the compliant contacts as referenced in U.S. Serial Number 
60/226,471, filed August 18, 2000; and U.S. Serial Number 

, filed April 13, 2001 (Express Mail No.: EL700013365US). 

20 "Materials of construction" refers to the conventional materials that one 

of skill in the art would normally select to produce a conventional fuel cell. 
Unless otherwise noted herein for the present invention, conventional 
materials of construction are used. 

"MEA" refers to the membrane electrode assembly. 
25 "PEM" refers to proton exchange membrane - a component of a MEA 

and fuel cell. 

"Module" refers to identical single interchangeable separable 
components containing the bipolar separator plate, membrane electrode 
assembly, separate diffusion layers (if used), gaskets (if used), manifolds 

30 adhesives, and seals (if used) and comprises a single electrochemical cell. 

As stated above, traditional fuel cell design has relied on the "filter 
press" type of fabrication and assembly, see Figure 2, i.e., end-plates and tie- 
rods, to create suitable electrical contact between the MEA and adjacent BSP, 
see Figure 3. In the conventional fuel cell art, all the BSPs and MEAs must 

35 be assembled concurrently during the assembly of the fuel cell stack see 
Figure 4. This assembly method requires that all manifold and membrane 
sealing as well as electrical contact be accomplished at once when the stack 
of cells is in final assembly. If there is leakage or poor electrical contact in a 
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single cell, then all the cells of the stack must be disassembled for 
remediation. While there are other assembly methods used in the fabrication 
of fuel cell stacks, none use a true modular approach to fuel cell assembly. 
This is the case for U. S. Patent number 6,080,503 wherein in the 
5 conventional art, a single MEA is "adhesively bonded to a pair of separator 
plates." While the language of this issued patent uses the term "module," 
these are not true single cell modules. They are better described as one and 
a half cell subassemblies, which are then combined into a stack and 
"compressed between two end plates in order to maintain good electrical 

10 plate-to-plate contact between two adjacent modules." This is nothing more 
than preassembling portions of the stack beforehand and then assembling 
them in the conventional inefficient bulky filter press method. 

With reference to Figures 5A, 5B, 5C, 6, 7A and 7B, the present fuel 
cell design 50 uses a single thin metal plate BSP 61 onto which the MEA 65 

15 and reactant manifolds 51 are assembled into modular units prior to being 
incorporated into a complete fuel cell unit (stack). These fuel cell modules are 
comprised of a single BSP 61, which may contain a reactant flow pattern 62, 
the MEA 65 with or without an incorporated diffusion layer 67, separate 
diffusion layers if needed, an adhesive 66 or an adhesive backed gasket 64, 

20 the reactant manifolds 51 and the manifold seals or adhesives 64A or 66. 

Other features in Figures 5A, 5B, 5C, 6, 7A and 7B include on the 
obverse adhesive or gasket by the hole 52, reactant passageway 53, edge 
seal 54, inactive border 55 and active membrane 56. Figure 5B in this 
orientation has improved control of heat 

25 On the reverse side Figure 5B, the features are the same as for Figure 

5A and further include the multiple arrays of compliant electrical contacts 69 
as described in pending U.S. Application Serial No. 60/226,471. Figure 5C 
shows an alternate arrangement of the multiple arrays of compliant electrical 
contacts 69 as described in pending U.S. Application Serial No. 60/226,471. 

30 In the modular cell stack assembly, the manifolds 51 and 51 A contact 

the adjacent manifold of the next modular cell. The compliant electrical 
contacts 69 contact the active membrane 65 of the adjacent cell. 

Conventional fuel cell design is followed up to a certain point. See 
teachings of U.S. Patent 6,030,718 and other U.S. patents listed on pages 2, 

35 3 and 4 above. As is apparent to those skilled in the art, these incorporated- 
by-reference U. S. patents disclose and the basic design to fabricate a 
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conventional fuel cell. With the text and figures provided herein, those skilled 
in the art are enabled to fabricate the present invention. In the creation of the 
single cells integrated modules of the present invention, the following 
additional methodology is followed: 
5 Conventional fuel cell designs are sealed around the edge of the BSP 

and the BSP to the MEA by the use of substantially non-adhesive inert 
gaskets. The pressure from the tie-rods and end-plates holds and seals the 
assembly in place. 

In contrast, the modular design shown in Figures 5A, 5B, 5C, 6, 7A and 
10 7B, utilizes adhesives or gaskets with adhesive seals between the MEA 65 
and single BSP 61. Figures 7A and 7B show an adhesive 66, with or without 
a carrier gasket 64, to bond the MEA 65 to the hydrogen side of the BSP 61. 
In addition, the reactant manifolds 51 are adhesively bonded 64A to the BSP 
61 in a similar manner, as is the MEA 65. 
15 The manifolds 51 are external to the BSP 61 and the MEA 65. The 

MEA 65 does not have holes for manifold or gas passages. This feature 
eliminates the use of the MEA 65 as a through passage and, likewise 
eliminates any possible leakage due to a through passage through the 
membrane 67. 

20 This new assembly process creates an integrated, leak proof 

assembly. Each assembly is leaked tested and performance tested 
independently from the stack of the individual cells as is conventional in the 
art. 

This novel method of assembly decouples the MEA sealing from the 
25 stack assembly, and compressive loads of the end-plates and tie-rods. 

The individual components of the integrated and modular BSP/MEA 
separator plates for fuel cells are mass-produced and assembled into the 
integrated and modular BSP/MEA and tested independently off-line to 
increase the assurance that a functional stack of cells will be produced. 
30 Additionally, since each module is an integrated, sealed unit, the stack 

is assembled and held together more simply than the traditional means of 
heavy end-plates and tie-rods required to maintain sealing and intimate 
contact between surfaces to effect electrical conductivity. 

The manifold 81 on the integrated, modular BSP/MEA is of a single 
35 arrangement as shown in Figures 8A, 8B, 8C and 8D or multiple manifolds of 
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those shown in Figures 5A, 5B, and 5C,. The manifolds 51 A and 51 B allow 
the delivery and exhausting of the reactants and reaction products 
respectively. In a multiple manifold configuration, Figures 5A, 5B, 5C and 6 
the reactants may be delivered on one side by one manifold 51A and the 
5 reaction products exhausted on the other side by a different manifold 51 B. In 
the single manifold 81 configuration the reactants may be delivered and 
exhausted by the single manifold 81 . 

In order to support the sealing of the gaskets and/or sealing adhesives 
64 the edges of the flexible or ridged bipolar separator plate 61 can be bend 

10 over or rolled and/or crimped against the sealing service of the membrane 
electrode assembly. Figures 9A, 9B, 9C and 9D illustrate a method for 
achieving this end, shown without the MEA 65, gasket 64 for manifolds 51 for 
clarity. Figures 9A and 9C show a flexible or ridged bipolar separator plate 61 
with extended edges 90, 91 before being rolled or crimped over the sealing 

15 edge as shown in Figures 9B and 9D. There are numerous methods for 
achieving the desired effect of mechanically restraining the edge of the 
adhesives or gaskets in order to prevent the release of reactants from the fuel 
cell well known to those trained in the mechanical arts. These methods 
include the simple bending and crimping or hemming as shown in Figures 9A 

20 through 9C but may include rolling the edges, the addition of secondary 
material such as a band around the periphery of the flexible or ridged bipolar 
separator plate. In addition, the corners need not be of a squared 
configuration but may be rounded in order to facilitate the rolling and or 
crimping of the edge or added material. 

25 Any adhesives or gaskets incorporating adhesives necessarily must 

form an adequate bond with the bipolar separator plate and the membrane 
electrode assembly and between the bipolar separator plate and the 
membrane electrode assembly and between the bipolar separator plate and 
the manifold. Below are a few examples of adhesives, which may be of use in 

30 bonding the MEAs and manifolds to the BSPs: 

Specific commercial tapes of the 3M Corp. (of St. Paul, Minnesota) 
family of VHB (Very High Bond) Tapes, such as product number 4920, a 
closed-cell acrylic foam carrier with adhesive, or F-9469 PC, a adhesive 
transfer tape (trademarks of the 3M Company of St. Paul Minnesota). 
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Commercial acrylic adhesives such as Loctite Product 312 or 326 
(trademark of the Loctite Corporation of Rocky Hill, Connecticut) or 3M 
Scotch-Weld Acrylic Adhesive such as DP-805 or DP-820 (trademark of the 
3M Company St. Paul Minnesota). 
5 Specific epoxy products such as 3M 1838 (trademark of the 3M Company 
of St. Paul Minnesota) or Loctite E-20HP. (Trademark of the Loctite 
Corporation of Rocky Hill, Connecticut.) 

These examples are not to imply the only materials applicable to the 
bonding of the MEAs and the BSPs and the manifolds to the BSPs but only 

10 illustrate some of the suitable materials. These materials are applied with the 
typical methods made use of by those skilled in the art such as hand or 
robotic placement, hand or robotic dispensing, screen or stencil printing, 
rolling and spraying. 

In one embodiment, 3M Company VHB tape #4920 closed cell acrylic 

15 foam with adhesive is used as described herein. This results in well-bonded 
manifolds to bipolar separator plates and MEAs to BSPs. The resulting fuel 
cell operates with comparable, better efficiency or significantly better 
efficiency than those fuel cells, which are conventional in the art. 

While only a few embodiments of the invention have been shown and 

20 described herein, it will become apparent upon reading this application to 
those skilled in the art that various modifications and changes can be made to 
provide a flexible or ridged modular BSP/MEA thin bipolar separator plates 
and components for fuel cells in a fully functioning fuel cell device without 
departing from the spirit and scope of the present invention. The present 

25 approach to produce a novel fuel cell is applicable to generally any cell 
geometry or configuration, such as rectangular, square, round or any other 
planar geometry or configuration. All such modifications and changes coming 
within the scope of the appended claims are intended to be carried out 
thereby. 

30 



